young adult male rats were either forcefed or allowed to eat ad libitum a moderate carbohydrate diet for 3-4 weeks.
The force-fed animals were given either the amount of diet consumed by the animals eating ad libitum (pair-fed) or 80% of this amount (underfed). After a 2-week period of observation, we found that the rats eating ad libitum gained 65 gm of body weight, the pair-fed, force-fed 62 gm and the underfed, force-fed 40 gm. On the basis of the water, fat and protein content of the skin, viscera and carcassof control animals killed at the beginning of the feeding regimen and of similar constituents of the experimental animals after 2 weeks of feeding, the composition of the newly formed tissues of the various groups of animals consisted of the following: a) the rat with free access to food-water = 67.8%, fat = 7.8 y0 and protein = 22.4%; b) the pair-fed, force-fed animal-water = 55.5y0,fat = 23. 6% and protein = 17.77~; c) the underfed, force-fed animal-water = 64.4Y0, fat = 7.9% and protein = 20.00/~. The ratio of calories retained in newly formed tissue to the calories ingested over the 2-week period was I I .g% for the animals eating ad libitum, 20.6% for the pair-fed, force-fed animals and g.$& for the underfed, force-fed rats. Force feeding appears to change intermediary metabolic pathways in the direction of increased 'efficiency' with resultant greater fat deposition. P REVIOUS STUDIES from this laboratory showed that mo re body fat was accumulated by young adult rats fed bY stomach tu be than by rats eating the same diet ad libitum and gaining the same amount of body weight (I, 2). Somewhat similar findings had been reported by Levin (3) who found that 67 % of the increase in body weight of force-fed rats could be attributed to fat. Although no chemical analyses were performed, Feldman and co-workers (4) have noted that male chickens, tube fed after having been made aphagic with diencephalic lesions, exhibited grossly increased quantities of subcu-taneous fat when examined at autopsy. The effect of force feeding on body composition did not appear to be attributable to differences in handling nor to administering the entire daily food intake in two periods of short duration (2) .
Heretofore, in our experiments, the criterion for food intake for the force-fed animals had been an amount which would enable them to gain weight at the same rate as animals eating their food ad libitum. Because this basis of comparison does not preclude the possibility of a difference in caloric intake between the two groups, the studies herein reported have been conducted under the conditions of 'pair feeding' force-fed rats against others eating ad libitum, in order to compare body composition under the conditions of identical caloric intakes. Furthermore, the animals were analyzed for their content of water, fat and protein after separation into skin, viscera and carcass. The results of this study form the basis of this report.
METHODS
Male Holtzman rats, weighing between I IO-I 20 gm at the time they were received, were used in the experiment. They were individually housed and had free access to distilled water. The same diet was prepared for all animals and was available in solid form at all times to the rats eating ad libitum but was administered by stomach tube to the force-fed group, after having been homogenized in distilled water, before g A. between 150 and 155 gm, six rats of each group were killed for the determination of 'original body composition.' The experimental animals were treated as follows: a) the food intake and body weight of the eight animals which ate ad libitum were measured daily for 14 additional days, whereupon the rats were killed for determination of 'final body composition.' b) Eight force-fed rats were given by stomach tube the amounts of diet consumed daily by the group eating ad libitum in feedings of IO ml twice daily. At the end of the I 4-day feeding period, during which thev were weighed daily, the ani-. mals were killed for analysis. c) The remaining seven force-fed animals were treated as were the ones in group b, except for the fact that they received only 80% of the daily food intake of this group.
At the time of killing, the animals were killed with ether anesthesia, the tail removed and discarded, and the body hair removed by clipping followed by a depilatory (6). The animals were separated into skin, viscera (lungs, heart, liver, spleen and mechanically cleaned gastrointestinal tract) and carcass which were analyzed separately. After the fresh weight of each tissue was obtained, it was frozen until further processed. At that time, each tissue was placed in liquid nitrogen and then pulverized in a liquid nitrogen chilled stainless steel cylinder by a compressed air hammer-driven piston. Further pulverization was achieved in a liquid nitrogen-cooled mortar. The water content of the tissues was determined by the weight difference after heating the tissues to I 05OC for 48 hours. Fat was removed by repeated extractions of the water-free tissue with a I : I mixture of ethyl etherpetroleum ether; the tissue was considered to be fat-free when colorless extracts were obtained.
'Protein was estimated on the basis of 6.25 X the nitrogen content of each tissue; it was realized that not all the nitrogen determined was protein nitrogen.
The nitrogen analyses
The data in table I indicate that under the conditions of similar caloric intakes, force-fed rats gain essentially the same am0 unt of body weight over a 14-day period as do rats with free access to food. The similarity is evident without regard to whether the gain in weight is based on the intact animal or on the weight of the tissues analyzed, i.e. the intact animal less tail, hair and gastrointestinal contents. On the other hand, as might be expected, the rats force fed only 80 % of the calories consumed by the animals eating ad libitum gained only about 64 % of the amount of weight gained by the fully force-fed animals.
Although the weight gained by the pair-fed groups was comparable in amount, both the final composition of the animals and the composition of the newly formed tissue were dependent on the manner of feeding. The results given in table 2 show that at the beginning of the pair feeding schedule, the force-fed animals contained less fat but slightly more water and protein than the rats eating ad libitum; after 2 weeks of similar caloric intakes, the tube-fed animals consisted of less water and protein but 35 % more fat. It may also be seen that the site of greatest relative fat deposition in the tube-fed animal was in the skin. When the increase in body weight is accounted for in terms of amounts attributable to water, fat and protein, the differences between the groups in composition of the newly acquired tissue is clearly apparent (tables 2 and 3). Fat accounted for almost 24 % of the tissue laid down by the force-fed animals and for only 7 % of the new tissue of the ones eating ad libitum.
The tube-fed rats that received only 80 % of the calories eaten or administered to the other two groups deposited less water, fat and protein.
However, both the absolute and relative amount of fat accumulated by the underfed animals was not remarkably different from the quantity gained by the rat eating ad libitum. The completeness of recovery of both individual tissues during the pulverizing process and the en tire animal from its component parts is not eviden t from the tables. It should be pointed out, therefore, that the pulverizing process employed allowed us to perform our determinations on approximately 97-98 % of the tissues removed from the animal. In addition, the sum of the component parts of the animal, taken as water, fat and protein, accounted for 95 % of the body weight (less tail, hair and gastrointestinal contents) exclusive of salts which were not quantitated.
DISCUSSION
Our results confirm and extend our earlier observations indicating that the administration of food by stomach tube, in amounts that enable the animals to gain weight at the same rate as other animals eating the $ Based on six force-fed rats, killed at beginning of feeding regimen.
same diet ad libitum, results in markedly different body compositions (I, 2) . Two experimental inequities between the tube fed animals and those eating ad libitum that were present in our earlier experiments were eliminated in the present investigation.
a) The diet for both the tube-fed animals and those eating ad libitum was identical, except for the distilled water added to obtain a liquid diet. Formerly we used different bulk formers for the two diets. b) Previously we compared the body composition of the two groups of animals on the basis of equal weight gain, while in the present study, the comparison was made on the basis of equal food intake.3 Our results indicate that the same amount of food is required to achieve equal weight increases on a 'pair-fed' basis. Elimination of these inequities reaffirmed our observations that animals fed by stomach tube have a marked increase in total fat content in comparison to animals eating ad libitum, despite equal gains in body weight.
The data on body composition were extended by dividing the animal into skin, viscera and carcass and by analyzing each tissue for water, fat and protein.
The results emphasize the teachings of Keys (8) and Mayer (9) who point out that the use of body weight alone, for the purpose of estimating the presence or absence of excess fat, may well be misleading.
Since the body consists of water, fat, protein and salts, all capable of varying independently of each other and therefore able to occupy varying amounts of total body mass, body weight itself reveals nothing of its component parts. True obesity, being a disproportionate increase in body fat, may or may not be accompanied by a change in over-all body weight; we have previously termed the disproportionate --3 It is realized that, strictly speaking, this is not 'pair feeding' but from a physiologic viewpoint, the closest to this condition that we could achieve. (12) has reviewed data demonstrating that constituents in the diet may have a similar effect. From our results, it appears that in addition to differences in genetic makeup and to the effect of dietary constituents offered to an animal, the timing of food ingestion may play a role also in the economy of calorie disposition.
Findings similar to ours were reported by Van Putten et al. (I 3) who showed that rats with the hypothalamic-hyperphagic syndrome contained more fat, less water and less nitrogen than pair-fed control animals. Most interesting were his results as influenced by the time period of feeding. When the animals were offered their entire daily ration at one time, the hyperphagic-hypothalamic animals quickly consumed their food while the controls took all day to eat their diet. Under these conditions, the differences in body fat between control and experimental animals were exaggerated.
Offering the food in two portions, so as to equalize the time of food consumption, resulted in less marked differences in body fat between the two groups of animals.
